Fesselin is a proline-rich actin binding protein that has recently been isolated from smooth muscle [Leinweber, B. D., Fredricksen, R. S., Hoffman, D. R., and Chalovich, J. M. (1999) J. Muscle Res. Cell Motil. 20,[539][540][541][542][543][544][545]. Fesselin is similar to synaptopodin [Mundel, P., Heid, H. W., Mundel, T. M., Krüger, M., Reiser, J., and Kriz, W. (1997) J. Cell Biol. 139, 193-204] in terms of its size, isoelectric point, and sequence although synaptopodin is not present in smooth muscle. The function of fesselin is unknown. Evidence is presented here that fesselin accelerates the polymerization of actin. Fesselin was effective on actin isolated from either smooth or skeletal muscle at low ionic strength and in the presence of 100 mM KCl. At low ionic strength, fesselin decreased the time for 50% polymerization to about 1% of that in the absence of fesselin. The lag phase characteristic of the slow nucleation process of polymerization was eliminated as the fesselin concentration was increased from very low levels. Fesselin did not alter the critical concentration for actin but did increase the rate of elongation by ≈3-fold. The increase in elongation rate constant is insufficient to account for the total increase in polymerization rate. It is likely that fesselin stabilizes the formation of actin nuclei. Time courses of actin polymerization at varied fesselin concentrations and varied actin concentrations were simulated by increasing the rate of nucleation and both the forward and reverse rate constants for elongation.
light scattering and decrease of intrinsic tryptophan fluorescence. Except at the lowest concentrations of fesselin examined, the lag phase of actin polymerization was eliminated. Fesselin was effective on both skeletal and smooth muscle actin at low and moderate ionic strength. The 103 and 79 kDa forms of fesselin were separated, and both forms were shown to be active. The activity of fesselin is comparable to that of other proteins that are thought to modulate actin filament dynamics (7) (8) (9) (10) (11) (12) . Fesselin did not change the critical concentration of actin. The rate constant for elongation of actin was accelerated about 3-fold, but the major effect of fesselin appeared to be in the rate constant of nucleation. Time courses of actin polymerization in the presence of fesselin measured at varied protein concentrations were simulated by increasing the rate constant of nucleation as well as the forward and reverse rate constants for actin for elongation (giving a constant critical concentration). The abilities of fesselin to organize actin filaments and stimulate polymerization may reflect the cellular function of fesselin and related proteins.
MATERIALS AND METHODS

Protein Preparations
Rabbit muscle G-actin was purified using the method of Spudich and Watt (13) with modifications (14) and then further purified by gel-filtration chromatography on a Sephacryl S-200 column (Pharmacia LKB Biotechnology Inc.) in a buffer containing 5 mM Tris, 0.2 mM ATP, 0.5 mM DTT, 0.1 mM CaCl 2 , and 0.01% NaN 3 , pH 7.8 (G-buffer). Pyrene-labeled actin was prepared by reacting F-actin with N- (1-pyrenyl) iodoacetamide (Molecular Probes) using the method of Kouyama and Mihashi (15) . The actin was depolymerized by exhaustive dialysis, clarified by centrifugation, and then purified by gel-filtration chromatography on a Sephacryl S-200 column. The actin concentration was determined by absorbance measurements at 290 nm corrected for light scattering at 500 nm using the extinction coefficient of 0.617 mg −1 mL cm −1 (15) . The pyrene-actin concentration and the labeling extent were calculated from the absorbance at 290 and 344 nm (16) . The extent of labeling varied from 0.7 to 0.9 mol/mol. Smooth muscle actin was purified from turkey gizzards using the method of Carsten and Mommaerts (17) with some modification (18) . Prior to use in polymerization assays, the actin was incubated for at least 5 min in the presence of 125 μM EGTA, and 50 μM MgCl 2 in order to replace Ca 2+ in the tight binding site of actin with Mg 2+ (19) .
Fesselin was purified from turkey gizzards using the method of Leinweber et al. (1) . The fesselin concentration was determined by the Lowry assay using bovine serum albumin as a standard. The two fesselin polypeptides were separated by reverse-phase HPLC using a μBondapak C18 column (Waters) at 30 °C and a linear gradient from 30% acetonitrile, 0.1% trifluoroacetic acid to 40% acetonitrile, 0.1% trifluoroacetic acid. The first peak contained the lower molecular weight form of fesselin, while the second peak contained the higher molecular weight form. Fractions containing fesselin were lyophilized and dissolved in water for subsequent analysis. Prior to use, all fesselin solutions were clarified by centrifugation at 100000g for 45 min.
Cosedimentation Assay
As a preliminary test of polymerization activity, skeletal muscle G-actin in a buffer containing 5 mM Tris, 0.2 mM ATP, 0.5 mM DTT, 0.1 mM CaCl 2 , 0.01% NaN 3 , and 2 mM MgCl 2 , pH 7.8 (G-buffer + 2 mM MgCl 2 ), was mixed with fesselin and immediately centrifuged in an Airfuge (Beckman, Fullerton, CA) at 30 000 psi for 30 min. Only polymerized actin or F-actin was sedimented appreciably under these conditions. The pellets of polymerized actin were analyzed quantitatively by SDS-PAGE. Densitometry of Coomassie Blue-stained gels was used to determine the fraction of total actin that was polymerized by fesselin.
Critical Concentration Determination
The critical concentration was determined by the relationship of the extent of actin polymerization to the actin concentration (7) . Either pyrene-labeled F-actin or unlabeled Factin was serially diluted into G-buffer or G-buffer containing 2 mM MgCl 2 with or without fesselin. The point at which the slope of the plot of fluorescence against the actin concentration increased abruptly gave the critical concentration.
Polymerization Assays
Actin polymerization was monitored either on a Fluorolog 2 spectrofluorometer (Spex) or on an Applied Photophysics DX17.MV/2 sequential mixing stopped-flow spectrophotometer. The stopped-flow device gave much better resolution of the early changes in the reaction, but the fluorometer was preferable for obtaining the end point of very slow reactions. The stoppedflow device also had an over-sampling feature to increase the signal-to-noise ratio. Pyrene actin fluorescence (21) , intrinsic Trp fluorescence (22, 23) , and light scattering (21, 24) measurements were all employed to ensure that the changes measured were due to polymerization. In all cases, the excitation wavelength (λ x ) 1 was set with a monochromator, and the emission wavelength (λ m ) was set either with a monochromator (conventional fluorometer) or with long-pass filters (stopped-flow). The following excitation and emission wavelengths were used to monitor changes in pyrene fluorescence: λ x = 344 nm, λ m = 366 nm (12) ; λ x = 365 nm, λ m = 385 nm (13); and λ x = 365 nm, λ m = 407 nm (15, 20) . Each method gave the same rate of polymerization although the amplitude of the signal and the extent to which scattered light contributed to the final signal varied with each case. Excitation at 344 nm gave a 4-fold enhancement of fluorescence in going from monomer to polymer. Excitation at 365 nm gave a larger signal (20-25-fold enhancement during polymerization of ≈100% labeled actin), and the signal had a smaller contribution from scattered light. In some pyreneactin experiments, a paired reaction was run using nonlabeled actin, and this control was subtracted from the curve with pyrene-labeled actin. This correction did not appreciably change the half-time of polymerization but did reduce the amplitude by about 10%. Intrinsic Trp fluorescence was measured with λ x = 300 nm and λ m = 335 nm. Light scattering was measured with λ x = λ m = 550 nm.
Effect of Fesselin on the Rate of Actin Elongation
F-Actin was sonicated at 8 W for 30 s using a sonicator (Tekmar-Dohrmann, Cincinnati, OH) with a 2 mm titanium tip to produce very short actin filaments or "sonicated actin". The sonicated actin was added to G-actin to initiate elongation (25) . The contribution of sonicated actin to the total actin concentration did not exceed 5%. The sonication method of producing sonicated actin was used to avoid the addition of other substances that may interact with fesselin in an unknown manner. The observed rate of polymerization is approximately given by:
, where v 0 is the polymerization rate in the absence of sonicated actin, k + is the sum of the rate constants for elongation at both ends of the actin filament, and k − is the corresponding rate constant sum for polymer shortening. This equation is true if the number of polymers is determined by the number of short actin filaments added to initiate the reaction. If k − is smaller than k + [A], then the slope of the plot of initial velocity against [sonicated actin] has a slope proportional to k + .
Simulation of the Time Course of Polymerization
The polymerization of actin involves an activation step, the rate-limiting formation of a nucleus consisting of three to four activated actin monomers followed by a rapid elongation phase in which single activated monomers add in a stepwise manner to the filament. An exact description of actin polymerization is difficult because the growth of a single filament involves the addition of hundreds of actin monomers and a population of actin filaments has a distribution of lengths. Several approaches have been taken to represent the polymerization process (42, 43) . The rate constants obtained depend somewhat on the model chosen, but models are useful for simulating changes in specific processes (35) . We used an approach based on an analysis by Wegner and Engel (24) as modified by Cooper et al. (27) . With the MLAB modeling program (Civilized Software), it was possible to solve differential equations for the model without making the steady-state assumption for the nucleation process.
The first step in polymerization is the activation of actin, A 0 = A 1 , with forward rate constant k 1 and reverse rate constant k 2 . This activation process is thought to be due to the binding of Mg 2+ to actin (27, 28) . We preexchanged the bound metal before initiating the polymerization reaction so all reactions began with activated actin, A 1 . We assumed that nucleation consisted of a two-step addition of activated actin monomers: (24) .
Elongation was assumed to occur by addition of activated actin monomers to the nucleus in a stepwise manner with the forward rate constant k 5 (M −1 s −1 ) and the reverse rate constant k 6 (s −1 ). The rate of elongation was assumed to be equal to the product of the concentration of actin, the concentration of actin filaments of any length (N), and the elongation rate constant (24) . The rate of shortening was given by the product of N and rate constant k 6 . The final result of the model is the time course of the change in the concentration of actin protomers (P) in polymers of all size greater than the nucleus. The value of P increased from 0 to a tot -cc where a tot is the total actin concentration and cc is the critical concentration that was measured separately. In simulations, the rate constants were adjusted so that the time course of P matched that of experimental curves.
Calculation of the time course of the change in actin protomer concentration, P, required calculation of the concentration of actin filaments, N. N was assumed to equal the concentration of nuclei or A 3 (24) . That is, nuclei were considered to be unstable so that they either broke down to their components or elongated rapidly to form a filament. Another potential pathway for changing the number of filaments is the fragmentation of existing filaments. Fragmentation was not included in the simulations because it appeared to have little effect on the results in the conditions used here. The equations used for the simulations are given below: activation:
nucleation:
actin filament concentration:
actin protomer concentration:
conservation of mass:
All simulations were done by varying k 3 , k 5 , and k 6 . The values of the other rate constants were k 1 = 1 × 10 6 s −1 , k 2 = 1 × 10 −4 s −1 , and k 4 = 500 s −1 .
Effect of Actin Concentration
Results of polymerization in the presence of fesselin and different actin concentrations could be compared only if the fraction of actin bound to fesselin was the same at each actin concentration. It was not feasible to work under saturating concentrations of fesselin, so an arbitrary free fesselin concentration was chosen and the total fesselin concentration was adjusted to maintain the free fesselin concentration constant. The relationship between the bound and free fesselin concentrations was determined by solving the McGhee and von Hippel equation (45) using MLAB. The parameters describing the binding of fesselin to actin were determined by Leinweber et al. (1) . Fesselin binds to a site consisting of 4 actin monomers (n = 4) with an association constant K = 2 × 10 6 M −1 . Binding of a fesselin molecule adjacent to another bound fesselin is favored by a factor of 1.74 (ω = 1.74).
The size of the actin nucleus was estimated by measuring the dependence of the rate of polymerization on the total actin concentration as described earlier (28, 44) . The relationship between the time for 50% completion of the reaction (t 1/2 ) and the actin concentration is given by eq 7 where ns is the nucleus size and z is a proportionality constant.
RESULTS
A sedimentation assay was used as a preliminary test of the ability of fesselin to stimulate actin polymerization. Skeletal muscle G-actin was mixed with fesselin and rapidly centrifuged to pellet any polymerized actin. Figure 1A shows that in the absence of fesselin virtually all of the actin was present in the supernatant, indicating that little polymerization occurred during the time of analysis. In the presence of 100 nM fesselin, an appreciable amount of polymerization occurred as seen by the presence of actin in the pellet.
As shown in Figure 1A (lanes b and f), typical fesselin preparations contain two polypeptide chains. To determine if both of these chains were active in polymerizing actin, they were resolved by reversed phase chromatography and tested. Figure 1B shows time courses of polymerization of smooth muscle pyrene-labeled actin in the absence of fesselin and in the presence of the fesselin mixture or either the 79 or the 103 kDa molecular mass species. The lag in actin polymerization was pronounced in the absence of fesselin (curve 1). Elimination of the lag phase and a large increase in the rate of polymerization occurred either with the mixture of fesselin polypeptides or with the pure 79 and 103 kDa polypeptide chains. Because of the similarity of the two fesselin polypeptides, a mixture of both fesselin forms was used for subsequent studies.
Fesselin was as effective at polymerizing skeletal muscle actin as smooth muscle actin. Figure  2A shows a time course of the change in fluorescence of pyrene-labeled skeletal muscle Gactin following a rapid increase in the concentra tion of MgCl 2 from 0.05 to 2 mM (lower curve) or following the addition of both MgCl 2 and fesselin (upper curve). In both cases, actin polymerization was accompanied by a large enhancement of pyrene fluorescence intensity as described earlier (11) . The data were corrected for changes in light scattering. In the absence of fesselin, the rate of actin polymerization was characteristically slow and sigmoidal. The lag of about 90 s, most readily seen in the inset, resulted from the rate-limiting formation of actin nuclei. Fesselin caused the elimination of the lag phase and an increase in the rate of polymerization. The theoretical curves shown in Figure 2A were generated by fitting eqs 1-6 to the data. It was assumed that the initial very rapid increase in pyrene fluorescence was due to binding of fesselin to actin; this initial region was not included in the fit. The choice of the rate constants used is described later.
Fesselin retained its activity at higher ionic strength (100 mM KCl and 2 mM MgCl 2 ), but higher concentrations of fesselin were required ( Figure 2B ). Whether the decreased effectiveness of fesselin was due solely to a reduction in affinity of fesselin for actin or if a reduction in the rate of a subsequent step in polymerization occurred was not determined. The inset to Figure 2B shows that in a manner similar to the low ionic strength condition, sufficiently high concentrations of fesselin eliminated the lag phase of polymerization.
To ensure that the changes reported in Figure 2 were due to polymerization, additional data were collected utilizing light scattering (21, 24) and intrinsic Trp fluorescence (22, 23) . In the presence of fesselin, the rate of increase of scattered light intensity was accelerated, and the lag was not observed (data not shown). The intrinsic Trp fluorescence proved to be particularly useful for monitoring actin polym-erization by fesselin. The fluorescence decreased by about 14% upon actin polymerization, and the rate of this decrease was enhanced by fesselin. Figure  3 shows traces of the time course of polymerization of smooth and skeletal muscle actins. Fesselin eliminated the lag phase in both cases. There was no evidence of an initial rapid phase due to binding of fesselin to actin as was observed with pyrene-labeled actin. It is likely that tryptophan fluorescence reflects only polymerization and not the initial binding of fesselin to actin. In contrast to pyrene fluorescence and light scattering, the signal for Trp fluorescence decreased during polymerization. The opposite amplitudes seen for Trp fluorescence compared to light scattering and pyrene fluorescence indicate that each signal is due to actin polymerization. That is, if changes in light scattering dominated the fluorescence signals, an increase in intensity would be observed with every probe or the rates observed would be very different.
The reciprocal of the half-time for polymerization is plotted as a function of the fesselin concentration for each of the probes in Figure 4 . Because polymerization time courses were not simple exponential functions, 1/T 1/2 was used as a measure of the rate of the reaction. Both skeletal muscle actin ( Figure 3A ) and smooth muscle actin ( Figure 3B ) were studied. All three optical probes give the same general result even though in the case of pyrene-actin, the actin was modified. The time required for 50% completion of polymerization decreased (1/T 1/2 increased) with increasing fesselin concentrations. The time courses of polymerization were unreliable at fesselin concentrations above 0.5 μM because under those conditions the correction for light scattering became significant. As a result, the highest concentration of fesselin used was below that required for stoichiometric binding of fesselin to actin (1), and no plateau in rate was reached. At this standard low ionic strength condition, the lag phase of polymerization was absent even at 75 nM fesselin, and the rate of polymerization was already more than 10 times faster than in the absence of fesselin. At 0.5 μM fesselin, the time for 50% maximum signal was reduced to about 3% of the time required for Mg 2+ alone irrespective of the source of actin and of the probe used to monitor polymerization.
Several factors might contribute to the acceleration of actin polymerization by fesselin. The critical concentration is that concentration of G-actin in equilibrium with F-actin; below the critical concentration, actin cannot exist as a polymer. The critical concentration is equal to the ratio of the rate constants for polymer chain shortening to the rate constants of polymer chain elongation (27, 28) . Figure 5 shows critical concentration measurements made by the net depolymerization of pyrene-labeled F-actin or unlabeled F-actin in either the presence or the absence of fesselin. The fluorescence at equilibrium is shown as a function of the final actin concentration. Actin polymer formation, seen as an increase in pyrene fluorescence or a decrease in intrinsic Trp fluorescence, occurred only when the final actin concentration exceeded the critical concentration. In the absence of fesselin, the break in the curve occurred at approximately 0.17 μM actin, which is in agreement with earlier reports (26) . In the presence of fesselin, the critical concentration, 0.2 μM, was essentially the same as with pure actin.
The relative elongation rate of actin polymers can be measured by the addition of short actin filaments produced by sonication. The sonicated actin acts as nuclei for elongation. The initial rate of actin polymerization increases in proportion to the concentration of sonicated actin. The slope of the plot of the rate against the sonicated actin concentration is proportional to the rate constant for elongation (30) . Such a plot is shown in Figure 6 for several fesselin concentrations. The concentration of G-actin + sonicated actin was constant, but the concentration of sonicated actin was at maximum only 5% of the total actin.
In the absence of fesselin, the addition of sonicated actin eliminated the lag phase (not shown). The rate of polymerization increased in a linear fashion with increasing sonicated actin concentration. The addition of fesselin changed the curve in two ways. First, the rate obtained in the absence of sonicated actin increased with increasing fesselin concentrations as shown earlier. Second, the slope of the plot increased by a factor of ≈3 for all fesselin concentrations between 10 and 100 nM. This 3-fold increase in elongation rate can be compared to the overall acceleration by fesselin of between 5-and 9-fold at these fesselin concentrations. The remaining increase in rate can be attributed to an increase in the rate constant of nucleation.
To determine the effect of fesselin on the rate constant of nucleation, the time courses of polymerization at several fesselin concentrations were simulated. Figure 7A shows sample simulations of three data sets with the elongation rate constant increased by a factor of 3 at all fesselin concentrations. Note that the Trp fluorescence is shown as an increase to facilitate data fitting. The rate of polymer shortening was also increased by a factor of 3 to maintain the same critical concentration. At the lowest fesselin concentration examined here (10 nM), a lag in polymerization is still evident. The duration of the lag decreased with increasing fesselin concentrations. All curves could be simulated by simply adjusting the rate constant for nucleation, k 3 . Figure 7B shows the fitted value of the nucleation rate constant as a function of fesselin concentration. The shape of this relationship is not well-defined since the studies at this point were limited to low fesselin concentrations. The nucleation rate constant increased from 3600 s −1 in the absence of fesselin to 83 000 s −1 in the presence of 250 nM fesselin.
This model was also utilized to simulate the time courses of polymerization as a function of total actin concentration. Polymerization reactions were monitored using Trp fluorescence at the low ionic strength condition with skeletal muscle actin. Several concentrations of actin were examined between 5 and 20 μM. In the absence of fesselin, the rate constants used to simulate the data were similar to those determined by Cooper et al. (27) . The amount of total fesselin required at each actin concentration to produce 10 nM free fesselin was determined by solving the McGhee and von Hipple equation (45) , using the affinity of fesselin, and other parameters that were determined earlier (1).
Examples of time courses at various actin concentrations are shown in Figure 8 . Again, Trp fluorescence is plotted as an increase to facilitate data analysis. In the absence of fesselin, all curves could be simulated with the same rate constants, the only variable being the actin concentration. Slightly better fits were obtained if the rate constants were allowed to change slightly in the different experiments. Reasonable fits were obtained in the presence of fesselin by assuming a 3-fold increase in the elongation constant and a 2-fold increase in the nucleation rate constant and holding the critical concentration constant. The only variable from one curve to another was the actin concentration.
The relationship between the time for 50% polymerization and the actin concentration has been used to estimate the size of the nucleus. Figure 9 is a plot of 1/T 1/2 against the actin concentration. Equation 7 was fitted to the data to obtain the theoretical curves shown. The nucleus size was approximately 3 both in the absence of fesselin and in the presence of 10 nM fesselin.
DISCUSSION
Actin is required in eukaryotic cells for a host of processes (29) . The pool of cellular actin must respond rapidly to changes in the environment of the cell. Accessory proteins are available to affect polymerization, severing, bundling, cross-linking, capping, and sequestering of actin (31, 32) . It is perhaps not too surprising that yet another actin binding protein, fesselin, has been found that modulates actin structural dynamics at least in vitro. Previous work demonstrated that fesselin caused the aggregation of F-actin (1). Together with preliminary evidence showing the localization of fesselin with actin in various tissue preparations (3), it is reasonable to suppose that fesselin modulates cellular actin dynamics.
Sedimentation experiments and spectroscopic methods provided evidence that fesselin enhances actin polymerization. Three probes were utilized for the spectroscopic methods to ensure that the observed transition was actin polymerization. Pyrene fluorescence and light scattering both increased with time during polymerization while the intrinsic Trp fluorescence decreased. Thus, while fesselin does cause actin to aggregate into bundles (1), this aggregation did not dominate the signals. At fesselin concentrations greater than 500 nM, the aggregation of actin was noticeable, and therefore the experiments shown here were limited to low fesselin concentrations. The apparent rate of polymerization increased with fesselin concentration regardless of the signal used (Figure 3) . The time required for 50% polymerization of actin was about 38 times greater in the absence of fesselin than the highest fesselin concentrations used (500 nM) for both skeletal and smooth muscle actin. This degree of acceleration is similar to that reported for other actin binding proteins such as cofilin (34) .
Fesselin accelerated actin polymerization even in the presence of 100 mM KCl and 2 mM MgCl 2 . Under these conditions, the affinity of fesselin for actin was apparently lessened so that higher concentrations of fesselin were required to produce a large increase in polymerization rate. At 2 μM fesselin, the half-time for polymerization decreased approximately 3-fold. This is a significant effect when compared to other actin binding proteins. For example, at a lower ionic strength (50 mM KCl and 1 mM MgCl 2 ), 2.3 μM of the Arp 2/3 complex reduced the half-time for polymerization by about 2.5-fold (8) . In the presence of 150 mM KCl, the polymerizing activity of calponin was almost totally depressed even at calponin concentrations as high as 3 μM (12).
We had suggested in our earlier report that the two protein bands in fesselin (79 and 103 kDa) were related to each other as opposed to being two different proteins or two subunits of a single protein (1) . Using reversed-phase HPLC, the two polypeptides have now been separated, and each enhanced the rate of actin polymerization (Figure 2c ).
Fesselin reduced the duration of the lag of polymerization and eliminated it completely at sufficiently high concentrations. The lag phase in the polymerization results from the ratelimiting formation of nuclei consisting of three or four actin monomers (24, 27, 28, 40) .
Fesselin had a modest effect on the rate of elongation of actin filaments. Fesselin had no effect on the critical concentration defined as the ratio of the sum of the rate constants for shortening at both ends (k 6 ) to the sum of the rate constants for elongation at the pointed and barbed ends (k 5 ) (27, 28) . Therefore, fesselin must also increase the rate constant for filament shortening. The effect of fesselin on the elongation rate constant was invariant over the range of fesselin concentrations from 10 to 100 nM. The constancy of this effect was unexpected because the effect of fesselin on the polymerization constant was not maximized at this lowest concentration. It is possible that the effect of fesselin on the elongation rate has been overestimated or that there are long-range effects on F-actin that facilitate the addition of actin monomers.
It is clear that the increase in polymerization rate constant is insufficient to explain the large overall effect of fesselin on the rate of polymerization. It was possible to simulate polymerization kinetics as a function of fesselin concentration and actin concentration by assuming that the major effect of high concentrations of fesselin was an increase in the rate constant for nucleation. At the highest fesselin concentration used, the rate of nucleation was 23× that in the absence of fesselin. The rate constant for elongation was increased about 3-fold at all fesselin concentrations examined.
Should the elongation rate constant be overestimated, the effect on the nucleation rate constant would be increased by the same factor. That is, the data could be simulated equally well without invoking any change in elongation or shortening rate constants as long as the nucleation rate constant was increased proportionately. This emphasizes the point that the simulations shown here are not unique. The simulations show that the suggested role of fesselin is feasible and consistent with experimental results. Other approaches will be required to test this model.
The actin concentration dependence of the polymerization rate was analyzed to estimate the effect of fesselin on the number of actin monomers in a nucleus. The results obtained were done at a low fesselin concentration where the rate of polymerization was only 5-fold greater than in the absence of fesselin. At these conditions, the nucleus size was approximately 3 in each case.
The information obtained thus far suggests that fesselin has some unique properties. Sidebinding proteins such as caldesmon (11) , calponin (12) , and nebulin fragments (9) tend to have a more dramatic effect on the lag phase than capping proteins such as capping protein (37, 38) and cofilin (35) , although the latter do increase the rate of nucleation. However, none of the above-mentioned proteins have been reported to eliminate the lag phase of polymerization at such low concentrations as observed here for fesselin. Nebulin fragments (10) and caldesmon (12) both reduce the critical concentration of actin. Capping proteins tend to increase the critical concentration of actin (7, 8, 27, 28, 35, 37, 38) . Fesselin produced a very small increase in the critical concentration, but the difference may not be significant. These properties, particularly the large increase in the rate constant for nucleation, make fesselin deserving of further study. Polymerization of 5 μM smooth muscle G-actin (A) and skeletal muscle G-actin (B) measured by Trp fluorescence at pH 7.8 and 25 °C. The actin was initially in G-buffer, and polymerization was initiated by rapidly increasing MgCl 2 and fesselin to 0.25 μM. The theoretical curves (solid lines over data) were generated using eqs 1-6 and a series of rate constants. Determination of the nucleus size in the absence (open symbols) and presence (closed symbols) of a low concentration of fesselin. The solid curves were calculated from eq 7. The estimated nucleus size was 2.9 in the absence of fesselin and 2.6 in the presence of fesselin.
